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ABSTRACT
This report describes an experimental
study on different column testing methods for medium
and heavy columns and their effects on test results.
Two methods were investigated, namely, the old Lehigh
method and the European Convention method, and a new
Lehigh method was proposed.
Tests were performed on seven 12WF161(A36
grade steel) pinned-end columns having a slenderness
ratio of 50. The specimens were prepared from a single
unstraightened rolled piece. Supplementary tests
(residual stress measurement, stub column and tension
coupon) were also made. The instrumentation and
testing procedure used for ea~h method are fully discussed.
This report includes complete experimental
data from the column tests and supplementary tests· which
are of use for further theoretical analyses. The
results prbvided c6nsist of initial geometric
measurements of cross-sectional dimensions and out-of-
straightness along the length, and the test data after
-ii
loading, namely, lateral deflections at various levels
(about weak and strong axes), end rotations, angles of
twist, fiber strains at different locations, and overall
shortening during the loading.
As a result of this study on testing
methods, instrumentation and supplementary tests, the
following recommendations were made:
(1) The ECCSA*method, required for the
European Convention column studies, was
clarified and additional measurements
were sugg~sted.
(2) A new procedure for the testing of
medium and heavy columns is proposed.
This method requires geometrical
alignment with respect to the center of
column flanges and a dynamic loa,ding wi th
constant strain rate. Only one point on
the static curve close to the ultimate
column strength is required to be ~ecorded.
A method of deriving the ·static column
curve from the dynamic curve and one test
point on the static curve is suggested.
*European Convention for 'Constructional Steel Associations.
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1. INTRODUCTION
1.1 Objective
The ultimate objective in this study of
column strength and column testing i·s to evaluate
different testing procedures used especially for
medium and heavy column shapes, different instrumentations
and alignments, to correlate the test results with
theoretical predictions, and finally, to propose a new
testing procedure, . alignment and instrumentation for
c·o1umn· testing.
1.2 The Pinned-End Column
A column may be. defined as a member
subjected to a compressive load through the 'centroid
and whose length is considerably larger than its cross-
sectional dimensions. Columns may have differen.t end
conditions, ranging from full restraint to zero
restraint in rotation and warping. Under any type of
. .
end condition, no translation of the end of the column
is allowed to occur relative to the load.
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Most column investigators in the past have
used the pinned-end condition for column testing for a
number of reasons. Under pinned-end conditions the
critical stress condition exists at about the mid-
height section thus making the section of interest
remote from the boundary and, therefore, not influenced
by any end effects. For the same effective slenderness
ratio, the pinned-end condition requires the use ·of a
shorter column length than the fixed-end condition.
The pinned-end column is regarded as the
basic column, although it does not exist in actual
structures. It is the member to which the strength of
all other columns is referred. Until methods for the
design of structures as a whole come into use, the
design of columns will continue to be based on the"
strength of the simple pinned-end column.
1.3 Experiments on Columns
In testing column specimens, the
experimental results form a wide scatter band instead
of a well-defined relationship between strength and
slenderness ratio. This is due to imperfections" in
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the experimental conditions, such as end conditions,
initial out-af-straightness, eccentricities of load,
lateral loads, as well as to residual stresses and
nonhomogeneity of the material. To understand column
behavior, there is a need to isolate the effects of
these factors.
For pinned-end conditions it is essential
that friction virtually be eliminated since a small
amount of end constraint will cause an appreciable
increase in the column $trength. Several schemes have
been used to provide the required pin condition. Some
of the different basic types of end fi~tures used by
column investigators are shown in Fig. 1. (1) The end
fixtures differ from each other in that they are either
"position-fixed" or "direction-fixed" at the ends. (2)
The other basic differences are with respect to their
maximum carrying capacity and effective column length.
Probably the best way to reduce friction
is by the use of a ~elatively large hardened
cy~indrica~ surface bearing on"a flat ~ardened surface.
Even if an indentation should.occur under heavy load,
rotation will be virtually frictionless. Plastic
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indentation, however, is not desirable. Another
interesting feature about the cylindrical fixtures is
that the effective column length can be made equal to
the actual length of the column by designing the
fixtures so that the center of the cylinder is located
on the center line at the end of the column. (3)
Effectively, the column acts as pinned-end about one
axis (usually the weak axis) and is fixed-end about
the other.
A schematic diagram of the end fixtures
used at Fritz Engineering Laboratory i~ shown in Fig.- 2.
The fixtures have a maximum capacity of 2.5 million
pounds. (4) Description of the fixture and its
performances as a "pin" is'given in Ref. 3.
1.4 Testing Procedure
In column- tests, as.in other stability
tests, the response of,a column is influenced by the
loading device used. The conunon types of loadi-ng are
the ,gravity, deformation and pressure ,types. The
resulting "load-deflection characteristics" of each
loading system are not alike. (5)
-5
The oldest form of testing device used
'for columns was the gravity type. The load-deformation
characteristics for such a system are simple and can be
represented by a series of straight lines parallel to
the' deformation axis. Later, the screw-type testing
machine became a conunon laboratory 'apparatus. Such a
loading device has the advantage of providing an
accurately defined load-deflection characteristic,
where the slope of this characteristic depends on "the
elastic response of the load system. As higher
capacity of loading 'machines became needed, the
hydraulic-type testing machine was utilized. Such a
loading device, however, does not have ~n easily defined
load-deflection characteristic and depends on the
properties of hydraulic system, leakage, temperature
and other similar factors.
1.5 Recording of Results
In experimental investigations of column
strength it is common practice to represent deflections
of the column as a function of the axially applied load
even though "in ideal cases there will be no deflections
up to the critical load. The experimental coluffin'will
always begin to deflect with the beginning of loading
owing to various kinds of imperfections.
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The behavior of test columns under load
is determined with the assistance of measurements of
lateral deflections at various leyels, rotations at
ends, strains at characteristic points and angles of
twist.
The lateral deflections measured both
about the weak and strong axis can be used:
- to determine additional moments produced
due to deflection
.- to check the predicted deflection
curve
- to check end rotations
The strain measured using strain gages
located at points of particular. interest can be used:
- to show strain distribution along
critical sections for checking original
hypotheses
- to indicate initial eccentricity
- to determine the curvature of the column
at various load levels
-7
- to indicate the location of initial
yielding and the corresponding load.
Finally, the angle of twist is measured to
have complete data which may be of use for the
theoretical prediction of column strengths when torsion
effects are to be considered. Column tests with free
warping at end sections are also possible when using
end fixtures such as shown in Fig. l(h).
The instru~entation for measurements has
changed drast~cally in the past few years due to progress
made on measuring techniques and devices. It is now
possible to obtain automatic recordings for all
measurements in the form of plots. Such recordings
have been found to be convenient and more precise than
the manual readings used before. There is now also the
possibility of recording all measurements automatically
which may then be analyzed directly us'ing t'he computer.
As hea~ shapes are Qsed increasingly more
in ~oday I s s~ructur~s I tests on -heavy co"lumns will .soon
become 'of considerable importance. This requires the use
of high-capacity testing machines and end fixtures.
Since repetition of such tests·to allow statistical
-8
evaluation is very expensive, special care should be
taken for the testing procedure, instrumentation and
recording of results.
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2. PREPARATION OF SPECIMENS
2.1 Specimens
A total number of eig~t straight specimens
were obtained from a single rolled shape 12WFl6I having
a total length of 125 ft. Table I shows the properties
of the material (A36 steel) as indicated in the mill
test.
Figure 3 shows the specimen. on the cooling
bed after cutting with the hot saw. No cold-straightening
was allowed in order to avoid redistribution of residual
stresses.
Each individual column was designated by a
number (01, 02, 03, 04, 05,06,07). For the pu~pose
of identification each column was marked FRONT and BACK
conforming to the original rolled piece, also TOP and
BOTTOM. Thus, the relationship of each piece to the
original length was known.
From the eight available specimens, each
having a length of about 15 f~., seven were used for
351.2 -10
pinned-end column testing. The remaining one was used
'for supplementary tests. Figure 4 shows the layout of
the test specimens. The columns were then cut to a
length of 13' - 4" using a cold saw and milled at both
ends. Milling was performed perpendicular to the end
portions of the columns. For columns initially not
straight, the milled surfaces may not therefore be
parallel to each other, but will be perpendicular to
the center line at the ends. Base plates were welded
at each end of the specimen using 1/4 inch welds by
matching the center of t~e web to the center of the
plate.
The study of the behavior of a column
requires supplementary tests of tensile coupon, residual
stress and stub column. The description and results
from the supplementary tests are discussed in the
following sections.
2.2 Tension Coupon Tests
The mechanical properties o~ the material
were obtained from tension coupon tests conducted in
accordance with the ASTM Specification. A total
number of three coupons were tested; two from the
351.2 -11
flange and one from the web. Figure 5 shows a schematic
diagram of the dimensions and the location of the
coupons with respect to the cross section.
The two coupons from the flange were tested
in a 300,000 lb. hydraulic univers~l testing machine and
the coupon from the web in a 120,000 lb. mechanical screw
type universal testing machine. The load-elongation
curve was plotted automatically. The gage length- used
was 8 inches.
The static yield stress(6) was obtained after
the testing machine was-stopped at a strain of 0.005 in./
in. The results of the tensile coupon tests are
summarized in Table 1.
It was noted that the coupons taken from the
flange did not exhibi t a "fla't" yield plateau, whereas
the web coupon had a "flat" yield plateau. Figure 6 shows
the flanges and web coupon test results superimposed.
Notice also the slight positive modulus in the yield
region of the flange coupon wh~le the web coupon has the
"flat" yield region usually observed in A36 tensi,le
coupon. (7)
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2.3 Residual Stress Measurement
The residual stress magnitude and
·distribution was measured by the method· of "sectioning" (8)
using the gage length of 10 in. Figure 7 shows the
residual stress pattern. The edges have compressive
residual stress varying from 6 to 18 ksi with an average
value of about 13 ksi; and the web has an average of
14 ksi in tension.
One noteworthy aspect of the pattern of
residual stress distribution is the considerable difference
in residual stresses for the two flanges. This may be
due to the positioning of the specimen 'on the cooling
bed. During cooling, the upper flanges of the specimens
may have, for instance, been exposed to a different air
circulation (Fig. 3).
2.4 Stub Column Test
Two stub column tests were made on sections
from the same piece from which the. actual column _specimen
was cut. A stub c~lumn may pe defined as a column long
enough' to retain the original magnitude of residual stress
in the section and short enough to prevent any premature
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failure occurring before the yield load of the section
is obtained. (9)
A stub column test is performed in order to
obtain an average stress-strain curve for the complete
cross section which takes into account the effects of
residual stress. The proportional limit, the elastic
modulus, and tangent modulus are the important data
furnished by the curve. Using prepared charts, (10)
where a simplified residual stress pattern and a
'homogeneous materia~ are assumed, column strength may be
predicted directly from stub column test results.
The stub column specimens were tested in a
5,000,000 lb. hydraulic universal testing machine.
Figure 8 shows the instrumentation of the stub column.
Four SR-4 electric strain gages at the flange tips at
mid-height were used for alignment. The alignment of
the specimen was made at loads not exceeding one-third
of the expected yield stress level, this being an
estimate of the proportional limit based on the measured
residual stress distribution. A constant check was
made of the whitewash on the specimen to detect any
premature yielding. The alignment was considered
satisfactory when the deviation of any of the four
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strain gage readings did not exceed 5% of the average
value at the maximum alignment load.
Two 1/10,000 inch dial gages and an
electrical clip gage were mounted along the middle line
of the flanges at opposite sides of the specimen to
measure strain over the 10 inch gage length (Fig. 9).
The original magnitude of residual stress is not
disturbed within this gage length.
Two methods of loading were tried to obtain
the stress-strain curve. The first method dealt with
making a point to point plot of the static curve. The
static points from the proportional limit to the point
near to the yield stress level were obtained by
maintaining the applied load until no increase in strain
is observed. The st~tic points for the remaining
portion of the curve were obtained by keeping the cross-
head movement constant until the load is stabilized.
This was obtained by closing the loadi~g valve until the
. increase in deformation and the decrease in load
approached zero. A· load-relaxation diagram was plotted
as schematically shown in Fig. 10 for each point. The
average time required for stabilization was about 15
minutes. Figure 11 shows the results of this test.
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In the second method the specimen was loaded
continuously with only one stop made at the yield plateau
'to determine the static yield stress level. A loading
rate of 1.42 ksi* per minute was used in the elastic
range and the same valve setting was used throughout the
test. The result from this test is shown in Fig. 12.
For both stub columns flaking of the whitewash
was observed at 800 kips, and the flaking at the end of
the test is shown in Fig. 8(b).
For both methods recordings were made using
both the automatic X-Y plotter (Fig. 13) and manual
recording.
The usual procedure in evaluating the stub
column test results is to use ,a yield stress level criteria
defined by the stress at 0.005 in.jin. strain. (9) Using
this ,criteria, the static yield stress is found to be 27.5
ksi and 27.6 ksi from the two tests, bo~h of whidh indicate
a very close correlation to the yield stress determined by
tensile coupons, 27.1 ksi.
*This is equivalent to 1 kp/sq rom per min. which is the
required loading rate on column tests by the Eurogeap
Convention for Constructional Steel Associations.,ll.)
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3. COLUMN TESTING
3.1' Design of Tests
A total number of seven 12WF161 pinned-end
columns each having a slenderness ratio of 50 were tested
in order to make a comparison of different testing
procedures, instrumentation, alignment and some other
variables. The shape l2WFl6l was used since it is the
.shape almost identical to the -Eur-opean \shape HEM340
which will be tested under the program European Column
Studies. (11) 'The slenderness ratio of 50 was selected
out of the two slenderness ratios 50 arid 95 to be used
under the same program. This choice of slenderness ratio
was made for a number of reasons:
) - the shorter length is economical from the
material::point of view
- more columns could be obtained from one
single rolled length (a maximum length of
about 125 ft. is pos$ible for 12WF161)
- rela~ively straig·ht columns can be obtained
if short columns are used since no cold
straightening is allowed.
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The experimental testing procedure as well as
the results obtained are discussed below.
3.2 Initial Measurements
Initial geometric imperfections in axially
loaded columns affect the column strength. Thus, initial
measurement of the geometric characteristics of a column
is an important step in column testing. Initial
measurements were made for all columns of the cross-
sectional dimensions and out-of-straightness.
Cross-sectional measurements were obtained
to determine the variation between the 'actual dimensions
of the section and the nominal handbook dimensions.
Measurement of the initial out-of-straightness will be
used in the evaluation of the results of the tests.
Cross-Sectional Dimensions
Figure 14 shows all cross-sectional dimensions
measured at five locations: the two ends, the quarter,
the middle, and the three-quarter points. The measuring
tools used were:
Thickness and depth - Vernier Caliper
1(1000 in. sensitivity)
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Web Thickness - depth micrometer 10~O in.
sensitivity, Fig. 15 shows
the qetermination of the web
thickness.
The recorded dimensions- and the calculated
cross-sectional areas are given in Table 2. The percentage
variation of cross-sectional areas and dimensions with
respect ta handbook values are given in Table 3.
Initial Out-af-Straightness
The initial 'out-af-straightness of each specimen
was measured at nine levels, each spaced at one-eighth of
the column length. Measurements were taken in the two
planes of symmetry of the section.
Figure l6(a) shows the method for measuring
initial out~of-straightnessusing the theodolite and the
movable car~enters frame square with a strip scale
.attached to it.
Out-af-straightness (x) about the weak axis
(Fig. 16(b» is obtained from four readings - one with
reference to each tip surface .of the flange. For the
351.2
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theoretical evaluation, the values for each -flange may be
used separately. The average of the four readings is
taken as the out~of-straightness·of the· whole section.
Out-af-straightness (y) about the strong axis
is obtained from two readings as shown in Fig. 16(c) where
the average of the two readings is also plotted. Similarly,
the separate values may be used for theoretical evaluation.
All measurements taken were within an accuracy of 1/1000
inch.
A' plot of the readings obtained for all columns
tested is shown in Figs. 17(a) to (d) for weak axis
measurements and in Figs. l8(a) to (c) for strong axis
measurements. In both figures, the complete form used for
taking initial measurements is shown only for column No. 01
and for the remaining columns the average values only are
given. The initial out-of-straightness for the weak axis
ranged from a minimum eccentricity ratio e/b of 0.010 for
column No. 05 to a maximum of 0.029 for column No. 04.
3.3 Prediction
A computer program was used to predict the
tangent modulus curves f~r both the weak and strong axes.
351.2 -20
The results from tension coupon tests and residual stress
measurements were used for prediction. An equilibrated
and symmetrical residual stress distribution derived from
the measured values was used on the cross section, divided
into a sufficient number of finite area meshes for the
numerical computation. The cross-sectional dimensions,
material properties and residual stresses were assumed
constant along the full column length. The result
obtained is shown in Fig. 19.
3.4 Alignment
A proper alignment of the column before
testing is another important step to be fulfilled in
column testing. In the test, two methods of alignment
have been used.
The first method, 'developed at Fritz
Laboratory and now known as the "Old Lehigh method",
requires the column to be centered such that some
established criterion is satisfied. The alignment is
based on the four strain gages ~t each end of the specimen
and at midheight. The alignment is considered
satisfactory if the deviation of any of the four corner
gage readings does not exceed ,five percent of their
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,average value at maximum alignment load. The criterion
is applied at each end of the three control sections.
Out of the seven columns, one column
(column No. 01) was aligned according to the "Old
Lehigh method'; the rest were aligned geometrically
with respect to the center of web which is according to
the ECCSA* method which requires the alignment to be
through the real center of gravity even if the section
shows a dissymmetry due to unusual tolerances. (11)
3.5 Instrumentation
The instrumentation used gave not only all
test data required by ECCSA and the "Old Leh!tCJh method",
but also different additional measurements for the purpose
of comparison -and completion of the test results.
The most important records needed are the
load versus deflection curves, the measurements of strain
in characteristic points, angle of twist and the enq
rotations. The set-up and the instrumentation is shown
*European Convention of Construct~onal Steel Associations,
Sec. Re f. 11 •
351.2
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in Fig. 20 and is described in detail below. The
experience with recording, as well as with the different
forms of measurements, is summarizeq in Section 5.3
where final recommendations for future testing are also
formulated.
Applied Load
The magnitude of applied load was obtained
from the dial indicator of the 5,000,000 lb. hydraulic
. universal testing machine. The load was continuously
plotted for all columns (except Column 01) using the X-Y
plotter which is shown ~n Fig. 13, by connecting to the
mechanism of the load indicator. The machine was
originally calibrated, and then checked again at the
end of the tests using a dynamometer (Fig. 21) 0
Lateral Deflections
Lateral deflections about the weak and strong
axes were measured using strip scales' (transit),
potentiometer and dial gages.
Lateral deflections about the weak axis were
measured from strip scales (graduated to one. hundreth
of an inch) attached at ,nine levels, each spaced at one-
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eighth of the column length, and read with a theodolite.
To check if the theodolite is maintaining a fixed
position, the cross-line was frequently checked to see
if it matches a fixed reference point established at a
region which is not disturbed by the testing. Similarly,
the end-fixtures were also checked 'for any possible slip
that may have occurred during the test. A coat of
whitewash was applied at possible slip surfac~s as a
check.
Lateral defl~ctions about the weak axis were
measured also with 4 inch and 1 3/8 inch potentiometers
(with sensitivities of 4/1000 inch and 1/1000 inch
respectively, Fig. 22) attached at five levels each
spaced one-fourth of the column length. The deflections
were continuously recorded on a multichannel oscillograph
(Fig. 23) in a form of a de,flection versus time plot. A
typical recording obtained from such a recorder is shown
in Fig. 24.
The midheight-deflection curve was continuously
recorded us~ng the .X-Y plotter -(Fig. 13).
Lateral deflections about the ~trong axis were
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measured with 1/1000 inch dial gages attached to the
center of flange at mid-height and at the two ends.
All potentiometers and dial gages were fixed
to the testing machine, and the wires were attached to
small screws tapped at the columns at one end and weights
suspended at the other end.
Strain Measurement
The strains at selected points and three
sections of the columns (mid-height and. the two ends)
were measured with SR-4 electric strain gages, Type A-I.
The strains were measured with digital type indicators
for the columns tested to obtain the static curve.
End Rotations
End rotations were measured using mechanical
and electrical rotation gages. The mechanical rotation
gage(12) is used by mounting the level bar on support
. bracket welded to the base plate and the top plat.e of the
column (Fig. 25). Angle changes are measured by centering
- the level- bubble by adjusting the-micrometer scre~. A
vertical dial gage attached to the end of the level bar
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gives an indication of the rotation- of the bar over a
gage length of 20 inches.
In the electrical rotation gage, (13)
rotations are measured in the form of bending strains
induced in a thin strip from which -a heavy pendulum is
suspended. One end of the strip is attached to the
pendulum and the other end fixed to a round bar which is
rigidly connected to a bracket welded to the base·plate.
As the column rotates, the weight tends to maintain its
'vertical position, and bending strains are induced in
the strip of steel (Fig. 26). It has been shown(13)
that th-e strain at any l'ocation is proportional to the
end rotation.
Angle of Twist
Measurement of angle of twist may require the
use of a complicated instrumentation if more accurate
readings are desired. The instrumentation for me.asuring
angle of twist in these ,tests was simplified greatly by
taking the measurements of deflectlons causing the
predominant "twist and neglecting all other displacements
considered to be of secondary importance. The differential
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lateral deflection of the flanges about the weak axis is
considered to be the primary indication of twist. Figure
27 shows how the angle of twist may be ~btained from such
measurements. Measurement using potentiometers were
taken at mid-height and the two ends (Section 4.8).
Measurements at the ends were taken' for the purpose of
using a reference.
Overall Shortening
The overall shortening was obtained by
measuring the cross-head movement using a dial gage,
graduated to 1/10,000 inch. The dial gage was attached
to a bar fixed on the testing machine. An aluminum rod
was used to transmit the cross-head movement to the dial
gage (Fig. 28). Since the dial gage was located at a
remote location making it inconvenient to make a frequent
reading, a TV camera was used .to obtain the readings at
the floor level (Fig. 29). Another reason for using the
TV camera was to obtain a simultaneous reading of the
cross-head movement and the applied lo~d, the purpose of
which is described below.
351.2
Progress of Yielding
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As the column was loaded, a qualitative
picture of the yielding pattern was seen from the flaking
of the mill scale as detected by the cracking of the
whitewash (hydrated lime) painted o.n the specimen.
Figure 30 shows a recording of the whitewash cracking
pattern for Column No. 01. From this figure, it is seen
. that yielding occurred at a load of 800 kips. The
progression of yielding can be traced further by
referring to the contour lines.
3.6 Testing Procedure
After a careful alignment was completed, the
test was started with an initial load of about 1/20 to
1/15 of the estimated ultimate load capacity of the column.
This was done to preserve the alignment established at the
beginning of the test. At this load all measuring devices
were adjusted for initial readings. The testing was
proceeded by loading the column progres,sively. Depending
,on the manner of loading and recording, the column curve
may.either be the static or, a dynamic one. A further
.discussion on the mode of loading ,and the determination of
'the column curve is discussed in Section 5.6.
351.2
In this study three column testing
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procedures were performed and these are explained in the
following section~:
Old Lehigh Method
The testing procedure practiced in Fritz
Engineering Laboratory (1) gives the static curve by
"making a point-by-point plot of the load-deflection
curve. The load is applied in appropriate increments
as estimated by the .load deflection curve. Readings
are taken when the load and the strains.are stabilized.
Column No. 01 was tested" using this procedu~e and the
dynamic p-~ curve was not recorded.
The dial gage used for overall shortening
(Section 4.5) was simultaneously used for observing
stabilization. The single criterion for stabilization
can best be defined by plotting the load change and
cross-head movement versus time. As shown in Fig". 10,
after some time, both values may be assumed as constant
and static readings may be take~.
351.2
New Method
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The alternative method is essentially similar
to the Old Lehigh method in the manner of loading but
di ffers in performing. the alignment. This method too,
deals with determining the static curve. This method uses
simpler alignment and also acknowledges the difficulties
in determining the static load when using a hydraulic
type testing machine. The problems encountered in the
static curve when using the hydraulic type testing machine
'following the criterion of stabilization adapted by the
Old Lehigh method are discussed in Section 5.6.
The manner of determining the static curve
will not follow a fixed criterion as the old method but
depends on the state of loading. Whenever it seems
appropriate, the approach maintaining the applied load
until the strains are stabilized, henceforth referred to
as "horizontal approach", may also be used as a
criterion for determining a point for the static curve.
The ECCSA Method
Column Noo 05 was tested using the ECCSA
method where a continuous load at a prescribed rate is
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applied and the load and deflections are recorded
automatically. The rate of loading used wa~ 1 'kp/sq.
rom per minute (1.42 ksi/rnin.). This rate is established
when the column is still within the elastic range and
the resulting value setting is kept fixed until the end
of the column testing. All required data are recorded
automatically using the X-Y plotter and the multichannel
oscillograph.
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4. COLUMN TEST RESULTS
4.1 Deflection Curves
Lateral deflections about the weak axis
measured from strip scales at nine levels read with a
theodolite were recorded. A plot of the deflected shape
and the corresponding load causing the deflection for all
columns (except Column No. 05 which was tested under
continuous loading) is shown in Fig. 31(a) and 31(b).
The load versus deflection curves for every eighth
,division is shown in Fig. 32 for Column No. 01 which
were obtained from strip scale measurements.
4.2 Mid-Height Deflection
Lateral weak-axis deflections at mid-height
were obtained from deflection curves (Section 4.] and also
were measured using a 1/1000 inch dial gage for No. 01
and a 4 inch stroke potentiometer for the remaining
columns are shown in Figs. 33 (a) to (d) ,.
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4.3 Ultimate Dynamic Load
The ultimate dynamic load for Column No. 01 was
indicated by the stopping of the follower pointer of
the dial on the testing machine. For the rest of the
columns the dynamic load-deflection curves were recorded
automatically using the X-Y plotter (Figs. 33(b) to (d»).
For Column No. 01 a point by point plot of the load-
deflection curve· was made and the static column curve
was obtained by joining the points with straight lines.
To provide a smooth curve closer points were used.
4. 4 Static CollUnn Curve"s
The static curve for the remaining columns
were obtained by joining with a smooth curve the points
obtained when the load and strains are stabilized. The
initial out-of-straightness ratio as well as the rates
of loading used are also indicated for each column.
4.5 Strong-Axis Lateral Deflections
Lateral def1ectoins about the strong axis
measured using 1/1000 inch dial extensometers at three
levels are shown in Figs. 34(a) and (b) 0 The magnitudes
351.2 -33
of the deflection are relatively small, and may be
regarded as negligible.
4.6 Fiber Strains
For Column No. 01 fiber strains were
measured using electrical strain gages at five levels,
each spaced one-fourth of the column length. The results
. are shown in Fig. 35(a) and (b). For the rest- of the
columns the strains were measured at three levels (mid-
height and the two ends). Figure 36(a) and (b) shows
measured strains at mid-heights of all columns.
4.7 End Rotations
End rotations at both ends measured using
mechanical and electrical rotation gages are shown for
all columns except Column N9. 05. For the purpose of
comparison, the measuring devices, the readings, from
each type gage were plotted on the same page. The
results are shown in Figs. 37(a) and (b).
4.8 Angles of Twist
The angles of twist measured at three 'levels
are shown in Figs. 38(a) and (b). The net angle of twist
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at mid-height may be obtained by taking the angles at
both ends into consideration.
4.9 Overall Shortening
Figure 39 shows the load versus overall
shortening curves. It should be noted that the overall
shortening recorded is the summation of three forms of
deformations; axial shortening of the specimen, deformation
of bearing plates and end-fixtures, and second-order
~ffects due to large deflection.
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5. DISCUSSION
5.1 Test Specimen
The test specimens were prepared from a
single rolled piece in order to reduce the number of
variable parameters, such as material, geometry and
residual stresses, to a possible minimum. For the same
reason, the specimens were not allowed to be cold-
straightened. This may reduce the initial out-of-
straightness but would also redistribute the residual
stresses. The effect of straightening is not discussed
in this study.
Cooling conditions, such as the type of
cooling bed and position of specimen on the cooling bed,
influence the final residual stress distribution, and
this may be one reason for the slightly unsymmetrical
distribution of residual stresses measured for the shape
in this study (Fig. 7). Such unsymmetrical distribution
. of residual stresses may be considered equivalent to
so~e initial eccentricity imposed on the test specimen.
The column ends may not always ·be machined
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to have parallel surfaces, since milling is usually
performed with reference to the end portions of the
columns. Such deviations are difficult to measure or
check, but would be expected to significantly influenc~
the column strength. Even though ~he alignment is
accomplished on strictly geometrical basis, the alignment
may be improved by adjusting the leveling plates at the
sensitive cross-head of the testing machine. For-extreme
cases it may be recommended to use the four strain gages
'at the flange tips at mid-height of the column and use
the differences in readings as an indication for
adjusting of end plates.'
Such diagrams of strains near end sections as
in Fig. 35 may indicate that restraining moments exist at
the top and bottom pins (in the form of friction and
eccentricity). The curvatures at the respective positions
may be used to determine the restraining moments. Assuming
that the strains vary linearly through the depth, the
curvature may be computed from the readings of the strain
gages located at the same eleva~ion but· opposite to each
other. The curvature is equal to the quotient of the
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differences between the strains at two points opposite
each other in a particular cross section divided by the
distance between "the points, mea~ured perpendicular to
the bending axis.
5.2 Supplementary Tests
The purpose for conducting suppleme~tary
tests including residual stress measurement is to.
determine the basic properties of the specimen material
·so as to enable evaluation of theoretical predictions
of column strengths.
Tension Tests
To determine more exact values of the
mechanical properties for such a section* it may be
advisable to conduct tensile tests on test pieces
taken from a number of specified points through the
thickness of the flanges and the web. (14) The
discrepancy in values and the differences in the
characteristic stress-strain curves shown in Fig. 6
strongly suggest that tension tests should be conducted
*The 12WF161 shape is regarded as a heavy shape in
European practice.
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on more specimens taken at characteristic locations.
As shown in TabLe 1, the difference between
mill tests and ASTM standard tension te~ts may be very
significant. To allow theoretical analysis, the tension
test results should not be omitted. and mill test
information may be used only as informative values.
. Residual Stress Measurement
For heavy shapes further measurement of
residual stress through 'the thickness may also be
required if more accurate data for theoretical evaluation
is desired. The measurement can be obtained by I s licing"(15)
the elements after a complete IIsectioning" has been
performed.
Stub Column Tests
The purpose for carrying out a stub column
test is to determine the tangent-modulus load from the
stress-strain curve of the specimen to predict the
column strength. For columns of intermediate
slenderness ratio, the curve from the proportional limit
on would then be of greater importance. To make this
portion of the curve smo~th, the test points should be
closely spaced.
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If the "static" curve is to be plotted, a
. time from 20 to 30 minutes would.be required for each
test point. Furthermore, there is a' possibility of
not obtaining the exact static curve, since it depends
on the type of machine and the manner of loading usedo
These problems may be reduced if the dynamic curve is
used (Fig. 11). The dynamic curve may be obtained in a
much shorter time and with an even smoothness 0 The
. problem associated with this approach, however, is
determining the "static'" curve.
The static and dynamic curves start to branch
off after the commencement of yielding which is at the
proportional limit on the stress-strain curve. This is
because effect of strain rate is not very significant
in the elastic range. A static point at the yield
plateau may be obtained by stopping the machin'e or using
the relationship between strain rate and yield stress
developed in Ref. 16. The static curve between these two
points may be determined using the' method. developed by
(17) .Cozzone and, Melcon.. This method, however, depends
solely ori the geometric shape of the· curve, sinc~ it is
accomplished by means of "affine transformation", and thus
may not p~ovide the true 'static curve. In actual case,
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the static curve should be dependent, mainly, on the
~atio of the yielded to the total area since the effect
of s'train rate is significant after corrunencement of
yie10ing (Fig& 40)0 A discussion on determining the
stat~c curve from a recorded dynamic curve is presented
,in Al?pendix l.
While such ,refinements to stub column 'testing
are being contemplated, th~re are some basic points n~t
clarified concerning' the ,importance of the stub column
test~
The stub column test by itself is not
sUff~cient to make a prediction on column strength since
the +elationship between the effective tangent modulus
and the corresponding effective area needs to be known
befo~ehand. (10) But if the pattern of the residual stress
distribution is assumed to be known and the section is
homogeneous the column strength may be predicted accurately
.using the procedure developed in Ref. 10.
The tangent modulus and the effective 'ffioment-
of-inertia may also be determined from tens~on coupon tests
and residual stress measurement, without conducting a stub
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column test, from which column strength may be predictede
Figure 19 shows the tangent modulus curves predicted from
such supplementary tests.
To avoid a virtual repetition of supplementary
tests it may be necessary to use either a stub column test
or tension coupon tests and residual stress measurement.
The choice may have to be dictated by the reliability of
test, economy and saving in time.
5.3 Column Testing
The comparat~ve study was designed to allow
comparison of different testing procedures for heavy
columns and to clarify some problems in instrumentation
and recording. The study was encouraged since sufficient
references, experience and data about testing of heavy
columns was not presently available. The major reasons
for this study may be summarized as:
- to gain experience with the European testing
procedure (18)
- to obtain data for correlation of test results
from the old Lehigh method and the European
method which differ in basic aspects
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- to obtain test data for heavy rolled shape
(the shape 12WF161 is almost identical to
the heaviest rolled shape in Europe which
currently is being experimentally studied
under the program European Column Studies)
to recommend a new testing procedure for
heavy shapes for use at Fritz Engineering
Laboratory.
Initial Measurements
The extension of initial measurements for
cross-sectional dimensions and out-of~straightness should
correspond to the accuracy and coverage of other
complementary tests (mechanical properties, residual stress
and stub column tests). This would give satisfactory data
of equivalent importance for corresponding theoreticql
investigation. The variation in cross-sectional area and
shape and the out-af-straightness directly affect· the
column strength. In general, small imperfections result
in significant reductions of the ultimate load.
Alignment
The alignment' of a column is the most important
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step to be carried out before testing the column.
Basically, there are two systems for aligning pinned-end
columns. The first method is to align the column carefully
such that the absolute maximum load which the pinned~end
column 'can carry can be attained. The second, method is
.simp,ly to align geometrically with respect to some
reference point on the cross-section.
The first method (old Lehigh method) has
problems associated with ,it in ,satisfying the criterion
(Sect. 4.4) and are summ'arized as follows:
it is time consuming (Table 4)
- it is difficult or sometimes impossible to
satisfy the criteria especially for long
columns with large out-of-straightness
- the maximum alig~ment load is not a clearly
defined load, instead, ,it requires a certain
degree of judgement for its determipation,
since it depends on the proportional limit
and the degree of accuarcy of the alignment.
The geometric alignment; on the other ,hand, is
very simple and time saving since the end plates can easily
pe welded with reference to any desired reference point on
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the .cross section. Consequently, the end plates can be
positioned with reference to the centerline of the
testing- machine without much difficulty. Another
attractive feature about geometric alignment is its
conformity to practical conditions employed in steelwork
. construction.
It shoul~ be mentioned, however, that a new
variable is introduced for sections with the center of
gravity. not at the center of web. Practical considerations
prohibit use of the center of gravity as a reference point.
The best centering would then be with respect to the
flanges, since the web has little effect on'buckling about
the weak axis. This ,reference point may be located at
the mid-point of the line connecting the two centers of
flanges. Still another feature about the center of flanges,
according to the rolled shape considered. in this study, is
fhat its position on the cross-section is usually ;nearer'
to the center of gravity than the center of the web. This
~s indica~ed in Fig. 41 which shows a plot of the computed
.r~sults' obtained from the measurements made at each end for
all seven columns. Figure 42 shows the variation of the
'-;
tnree reference points along the length for one.of the
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The effects of the two methods of alignments
on column strength is shown in Fig. 43. The figure shows
a plot of the ultimate static strength of each column
versus its corresponding ratio of initial Qut-of-
straightness. For the column aligned according to the
old Lehigh method the ultimate load was very close to the
predicted tangent modulus load (Fig. 19) even though it
has a considerably large initial out-of-straightness ..
For the columns aligned geometrically, the ultimate loads
were below the predicted tangent modulus load. The
differences increase as the initial out-of-straightnes's
increases. Note, however, that this co~parison is made
on the ultimate strengths of the experimental columns and
the tangent modulus load for the ideally straight column.
5.4 Testing Procedure
Loading of the column in a testing machine is
-always conducted under some rate o~ loading which causes
the difference between static and dynamic p-~ curves
correlated to the static and dynamic yield stresses. The
experimental curve is, therefore, influenced by the rate
of loading. Two types of, column curves can be obtained
from column testing; the dynamic and the static·curve
which may be defined as the dynamic curve at "zero" rate
351.2 -46
of loading. This is one basic explanation for the
difference of the two methods used in this investigation.
Evaluation for the old Lehigh method is based on the
static measurements while the European procedure uses
only the dynamic loading completely neglecting the static
.equilibrium.
To obtai.n the "static" curve there are some
factors to be considered. According to the old Lehigh
method, the static curve. is determined when the load
carried by the column shows no further decrease in
magnitude while maintaining the dross-head movement fixed.
This, for example, is rather easy to satisfy if a mechanical
type machine is used since the cross-head can be held fixed
in position. The contrary is true if a hydraulic type
machine is used, since leakage of oil, change in oil
temperature and other factors which always are inherent
during normal working condi tions make it rather difficul.t
to maintain the cross-head movement0 M~intaining·the load
is usually s"impler when using a hydraUlic type machine.
Therefore, the definition for determining the static curve
should take into consideration· the type of machine used and
the manner· of loading imposed.
In general, the effect of the rate of loading
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is noticeable after yielding on some fibers starts and
becomes more noticeable as the yielding progresses.
Therefore, the preferable manner of'loading depends on the
state of the column. For a hydraulic type testing machine,
the portion of the static curve uP. to the ultimate load
-can be found more accurately by maintaining the load. The
curve obtained will always be higher or may match the
IItrue ll curve. Figure 44 shows the possible range of error
when using the IIh'orizontal" approach which varies from O. 25
to 0.5 percent on the unconservative side. This approach,
however, has the disadvantage that it cannot be applied
after the ultimate load is reached (unless the load is
lowered well below the static curve and then maintained),
also it requires a much longer peri9d 0'£ time for
stabilization especially for loads very close to the
ultimate. Figure 45 ,shows the stabilization time required
as the applied load approaches' the ultimate load for
Column No. 07. Note that all curves don't show a complete
stabilization, and further increments of displacements 'were
considered negligible. The applie~ load may be determined
if it is greater or smaller than the ultimate load by
observing ,the rate in increase of the cross-head movement.
If an inflection point on the curve deflection versus time
is indicated, stabilization will occur. In general, since
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the stable region of the column_curve is usually of
prime importance in engineering design, the "horizontal"
approach may thus be used effectively.'
The "vertical" approach (that is by
maintaining the cross-head movement) may not give as
accurate a static curve as the other approach if a
hydraulic type machine is used. Under normal conditions
an asymptotic load (Fig. 46) would not be observed. The
possible range of error depends on the condition of the
testing machi~eo rhe continuous drop of the load while
maintaining the cross-head movement is not only due to
oil leakage, but could also be due to creep at bearing
surfaces such as the cover plates and also friction at
bearing surfaces. For the columns tested in this study
the error was in the·order of magnitude of one percent
(Fig. 47).
It is customary to plot the p-~ curve using
.the "total ll mid-height deflection. The "net" mid-height
deflection should be used for a,correct plot. The
.difference in these deflections 'is the mean lateral
deflection at the ends which occurs simulta~e9uslywith
end rotations. .The resul·ts obtained using the "net". and
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IItotal ll deflection is shown for each tested column in
Figs. 48 (a) to (d). Note that the over-·all P-A curve
is not significantly altered even though the differences
in deflections are considerable~ especially for large
deformations. It is therefore recommended to use the
IItotal ll deflection for the P-A plot whenever such
refinements are not justified.
Figure 49 shows the static P-8 curves for 'all
columns using the "net" mid-height deflections. Not~ that
these columns -geometrically aligned and having identical
initial out-cf-straightness show similar ~esult~ thus
forming very narrow bands. For instance, Column Nos. 03,
~ 04 and 07 with eccentricity ratio of about O.02e show very
identical results,. so also Column Nos. 02 and 06. The
numerical results are summarized in Table 5.
While the technique and precision in column
testing is being improved some objective questions which
"may alter the whole testing procedure seem to be yet
unanswered. These questions may be summarized as: .
What actually would simulate more the- actual
manner of loading on a column of a structure?
Static or dynamic loading? It is also possible
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that for some structures the dynamic approach
should be used while the static is for some
others. Then, how should the categorization
be carried out?
If the p-n curve for a static loading would be
required, should it be obtained from a plot of
static points? Or should it be derived from
the dynamic curve?
What should be th~ appropriate testing approach
to determine a static point? Maintaining the
deflection or maintaining the load?
If the dynamic curve would be sufficient, what
should be the rate of loading to use?
In an attempt to find a solution to these
problems, it is recommended for the new Le~igh method to use
an "interrupted" dymanic loading with only one interruption.
The dynamic c~rve will be plotted 'Until the ultimate load
is reached immediately after which the static load will be
rec'orded using the "vertical" approach. After the, static
, load is, recorded the, test will be resumed usi.ng the val ue
setting established originally.until the desired
configuration has been attained. A sketch of the complete
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P-A curve resulting from such a test will be similar to
.that shown in Fig. 50.
Such a procedure will present the dynamic
curve and the main information about the ultimate static
load which should be sufficient for statistical evaluation
and for comparison with theoretical predictions.
ECCSA Method
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6. SUMMARY AND CONCLUSIONS
The purpose of this experimental study was to
investigate and to compare different column testing
procedures for medium and heavy pinned-end columns. The
main SUbjects of interest were the alignment and the
manner of loading. The following methods were· considered:
Old Lehigh Method - Alignment with respect to stresses at
three levels; static column curve.
- Different loading rates and two
. different approaches were investigated
to obtain the static curve.
- Geometric alignment and dynamic column
curve.
New Lehigh Method - (Proposed)
- Geometric alignment and interrupted
dynamic loading; the static curve
derived from dynamio column curve and
one static point.
A total of seven l2WFl61 (A36 grade s~eel)
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prepared from one rolled piece and no straightening was
allowed. Before the columns were.tested, geometric
measurements and supplementary tests were performed.
Based on the experience and test results the
following recommendations and conclusions can be stated:
°1. Testing of heavy columns requires a well-developed
testing procedure, more complete in instrumentation
and supplementary tests, than for light sized columns.
This is to avoid very expensive replications required
for statistical evaluation, and to allow more accurate
correlations with theoretical analysis.
2. Measurement of cross-sectional dimensions at closer
points along the length (which is possible to include
individually in the computer program for predictions)
and the respective initial out-of-straightnesses both
about the weak and strong axes are of considerable
importance. Measuring techniques providing be~ter
accuracy were developed and are described in this paper •
. Measurement of initial twist which may also be·required,
was not considered.
3. For heavy columns, the mecnanical properties of the
material may not only be different for the web and
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flanges, but may also vary significantly through the
thickness. It would be, ther~fore, ~ecommended for
heavier shapes to conduct coupon tests on test pieces
taken from a number of specified points throughout
the thickness and to use these results for theoretical
predictions. Mechanical properties of the material
from a mill test, generally, may differ very much
compared to coupon test results (Table 1).
4. The magnitude and distribution of residual stresses is
required to make a theoretical predi9tion and for
cor~elation with test results. Residual stresses may
be measured using the method of sectioning and slicing
or may be obtained from previous studies on heavy shapes.
5. Column strength with zero initial out-of-straightness
may be predicted ·from stub column test r~sults and usin9
charts(lO) where a simplified residual stress pattern,
homogeneous and ideal elastic-plastic material are
~ssumed. If a more accurate column. strength pr~diction·
is required using stub column test results, aQditional
.information of the residual stress distribution· and
mechanical properties acros~ th~ section esp~cially for
medium and heavy shapes are required. But if such
information is already available, column strength may
351.2 -55
be directly predicted analytically and stub column
test would not be required.
6~ Different stub column testing,procedures were
investigated and compared. To obtain tQe static curve
the "horizontal" approach (maintaining load) would be
more preferable for a hydraulic type testing machine.
If the measured residual stress distribution is available,
the testing procedure can be simplified using a dynamic
curve and one static point after the yield plateau is
reached. The static curve is to be ,plot~ed through the
static test point using relationship described in
Appendix 1. This simplified method, to obtain the
static curve, may be considered as accurate as the usual
procedure and is not time consuming.
7. The stub column test should be used for heavy shapes
only if direct analytical prediction cannot be made to
allow comparison.
8. The test results for medium and heavy columns are greatly
influenced by the alignment ,method u·sed. The" stress
criterion ll alignment used in the old Lehigh method was
introduced to reduce the effects of initial out-of-
straightness, but it also ~ncreased the ultimate load.
Such alignment is not only tedious and time~consuming,
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but does not correspond to the behavior of a compression
member in an actual structure. Also from a statistical
point of view, this method depends on uncontrolled
variable - the end moments.
9. After comparing different alternatives of alignments
(Old Lehigh method, geometrical alignment - center, of
flanges) the geometrical alignment is recomrnen~ed, using
the center of flange as a refe~ence point. Such a
method is very simple and not time-consuming. The
boundary conditions are kept the s~e and are easily
included in theoretical predictions.
to. The results from column tests using different t~sting
methods are often not directly comparable. One of the
main reasons is the mode of loading. Some test~ng
methods use dynamic loading and the static curvy is not
recorded at all, whereas, some other methods ar~ based
on the static curve and only the ultimate dynam~c load
is recorded. To allow comparison c,n column test results
the mode and the r'ate of loading must be comP?lr~ble.
+1. The investigation of loading of a column in an ~ctual
str,ucture will not give a single answer; sorrie' 19adings
may be considered as static loads (dead load and live
load) and some as dynamic loads (wind, eart~quafe, etc.).
351.2 -57
It is therefore recommended to obtain from a column
test both curves, static and 9ynarnic,. The proposed
new testing procedure may be considered as a compromise
'between static and dynamic testing methods. It also
takes advantage of past experience on initial
measurements, alignment, and instrumentation. The
dynamic loading with constant "strain rate" and
continuous recording of data ~s used up to the ultimate
load where a static reading is taken, and dynamic
loading is then resumed. The static column curve is
derived from the dynamic curve using the relationship
between dynamic and static yield stresses.
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8. APPENDIX 1
Evaluation of Static Curve from a Dynamic Curve
Experiment has shown that if a continuous rate
of loading is applied on either a stub column 9r regular
column a dynamic curve different from the static curve is
obtained. This is because the effect of strain rate has a
considerable influence during plastic deformation, whereas
it is not very significa~t during elastic deformation. For
theoretical evaluation of test results, 'however, the static
curve is usually required. In this Appendix, the approach
for deriving the static curve from a recorded dynamic curve
is discussed and a simplified method is proposed.
The difference between static and dynamic column
curves is dependent on the difference between the.static
and dynamic yield stresses of the material. The effects of
strain rate on the yield stress of structural steels was
~nv~stigated' in Ref~ 16. The main conclusions are:
a) The dynamic yield stress level is influenced
by the speed of testing, size of specimen,
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testing machine and the shape of the
column.
b) There is no simple relationship between
crosshead speed (or mid-height deflection)
and strain rate.
c) The static yield stress level is a
property of steel independent of size of
specimen, testing procedure and testing
machine.
d) The dynamic yield stress ratio increases
rapidly at low strain rates and very slowly
at the higher rates; it decreases with
increase in static yield stress level.
e) An average curve relating the difference
(0" yd - 0" ys)' and strain rate is proposed to
predict the static yield stress level of
a specimen from a standard tensile coupon
test.
The relationship betwe'en static and dynamic
curves is not simple even for a ,tension .coupon. To
investigate the relationship between static and dynamic
column curves consideration of more variables would be
required. The main variables ~re; residual stresses,
geographical variation of mechanical properties .through
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the section of the specimen, nonuniform yielding alo~g
the column length and nonuniform strain rate, due to
loading.
In some testing method practices, the static
curve is obtained directly (Old Lehigh Method(l». The
ECCSA method, (II) on the other hand, is concerned with
.obtaining the dynamic curve and the static curve i~ not
required. For the proposed new Lehigh method, one static
point close to the ultimate strength is available and the
derivation IDf static curve from dynamic curve is required.
A method depending solely on the geometric
shape of the curve was developed by Co~zone and Melcon(17)
as shown in Fig. 40(a). This method, however, may not
provide the true static curvee In actual case the static
and dynamic curves start to branch off after the
commencement of yielding which is at the stress level
when a fiber of the column is stressed beyond the.
~roportional limit. The deviation wilr increase ·with
increasing ratio A /A; where A is the area of the yieldedy y,
. .
part of the cross-~ection and A is the total area.
In determining the static curve from the
recorded dynamic curve the following assumptions are made:
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a) The material has the property of
elastic-plastic behavior (Fig. 40(b»).
b) The test member Ylelds with constant
ratio of A /A along the length.y
Assumption (b) is valid for the case of stub
column but not necessarily for a column. But such
-variations as nonuniform yielding along the column, length
~ave already been taken into consi~eration in the recorded
dynamic curve. In a more refined analysis such variation
ahould also be included in the correcti~n process. Since
§imilar variations are neglected, the introduction of
~his refinement here is not warranted.
At the ultimate column strength both the static
~nd dynamic values are recorded. The difference is,
8P = P
ud - P (1)us
where- p
ud = ultimate dynamic load
P = ultimate stat'ic load
us
The dynamic load at any.point between the
~roportional limit and the ultimate load is,
= (2)
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where Pd = dynamic load
Ps = static load
A = yielded area of the cross sectiony
°yd = dynamic yield stress
cr ys = static yield stress
Assuming A =A at a point close to the
Y.
ultimate load, the recorded dynamic load is,
Then,
= P + LlP
s
(cr - (j ) =yd' ,ys'
AP
A (4)
Substituting Eg. (4) into Eg. (2), the static load will
be,
=
P _ A 8P
d yA (5)
Note that the values Pd , AP and A are known
from test results and initial measurements. The area Ay
can be computed using the same procedure as in evaluating
the-effective area when determining the tangent modulus
. load where the residual stress distribution and ,the yield
stress of the material are taken into consideration. A
sketch of the complete p-n curve resulting from such test
and computation will be similar to that shown in Fig. 40(c).
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Table 1: MECHANICAL PROPERTIES OF SPECIMEN
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ASTM STANDARD TENSION TEST
NO. Location Static Load Ultimate Percent
stress, IT Tensile Strese Elongation
(psi) Y IT
u'
(psi) ( %)
1 Web 28,837 62,536 30.95
2 Flange 27,128- 61,470 34.08
3 Flange 25,454 61,410 33.75
MILL Min. 33,372 62,591 32
TEST Maxs 35,703 67,767 33
351.2
TABLE 2: CROSS SECTION DIMENSION
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Top -I
-2
-3
-4
Bottom -5
Back
Left ][:i9ht
Front
Top View
Proj. No: 351
Steel Grade: A36
Shape: f2VFI61
Col. No: 01
I IJ IILength: 13 "4"2
Reed: P.M. t N.T.
Date: 2/9/69
Section hJ? hr bf bb
t fr t br C fr cbr Area
tfl tbJ Wf wb cfJ cbJ (jn2 )
I 1.464- 1.44-0 5.789 5.80413.7G5 13.829 12.C13 12.50JG 1.4EjO 1.460 .978 .993 5.846 5.799 47.432
1.464 1.432 5.785 5.815
2 13.771 13.856 12.604 12.594 1.447 1.460 .973 .990 5.845 5.789 47.266
\
3 1.469 1.432 5.773 5.80113.795 13.818 12.603 12.577 1.452 1.471 .975 .982 5.855 5.794 47.323
1.471 1.427 5.784 5.804
4 13.780 13.832 12.618 12.596 1.451 1.439 1.034- ~.006 5.800 5.786 4-7.615
5 1.472 1.433 5.788 5.80013.763 13.845 12.608 12.598 1.4-55 1.436 1.025 1l.006 5.795 5.792 47.599
Average 13.775 13.836 12.609 12.592 1.461 1.443 0.997 0.995 5.806 5~798 4-7.450
See Fig. 14 for Notation
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Icol. 02
Section h~ hr bf bb
tfr t fr w.{ wb
cfr cbr Area
t f.£ t b1 cf.£ cb~ (in7)
I 1.463 1.450 5.824 5.840 47.4152
13.816 13.796 12.628 12.6U7 1.438 1.4b5 0.991 0.977 5.813 5.790
2 1.455 1.442 5. 81~2 5.855 47.728
13.(:317 10.810 12.660 1:2.623 1.428 1.468 1.041 0.984 5.777 5.784
3 1.465 1.439 5.806 5.825 47.261
13.825 13.798 12.620 12.600 1.4-29 1.4-65 0.995 0.967 5.819 ~.808
4 1.474 1.435 5.838 5.848 47.493
13.844 13.786 12.656 12.600 1.429 1.462 1.023 0.969 5.795 5.783
5 1.470 1.440 5.824- 5.828 47.435
13.845 13.765 12.645 12.609 1...425 1.461 1.013 0.975 5.808 5.80q
Average 13.829 13.791 12.6418 12.6078 1.4486 1.44-82 1.0126 0.9744 5.8146 5.8167 47.419
ICol. 03
Section h.,e hr bf bb
tfr t fr wf wb
cfr cbr Area
t.f1 fbi cfl cb.£ (in~)
I 1.475 1.J+49 5.870 5.8b6 46.959
13.807 13.800 12.6.l5 12.596 1.429 1.485 0.936 0.929 5.809 5.801
2 1.473 1 454 5 857 5 853 46.811
13.860 13.808 12.615 12.597 1.430 1.475 0.916 0.920 5.842 5.824-
3 1.480 1.447 5.838 5.838 47.011
13.841 10.81~ 12.618 12.595 1.4-20 1.470 0.938 0.957 5.842 5.800
4 1 47~ I 4~? .t:i R?4 t:;; Rt:;? 46.501
13.lj33 LL7B8 12.605 12.600 1.4-24- 1.472 0.926 0.874 5.855 5.874-
5 1.4-80 1.465 5.823 5.824- 47.2029
13.838 10.782 12.605 12.608 1.418 1.470 0.958 0.958 5.824- 5.826
Average
13.84-2 13.798 12.612 12.599 1.4-51 1.464- 0.935 0.928 5.838 5.836 46.903
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fCol. 04
Section h,e hr bf bb
t fr t fr wf wb
cfr cbr Area
tf.£ t b1 cf~ cb~ (in~)
I 1 4flO 1 4SQ 5 789 5 8?fl 4-7.215
13.780 13.820 12.540 12.601 1.427 1.475 0.969 0.983 5.782 5.792
2 1 4S::1 1 4flO S R1R .'1 R'1Q 47.118
13.795 13.847 12.590 12.600 1.420 1.465 0.990 0.952 5.782 5.789
3 1 4S.t:; 1 4fl4 S R7R S q?O 47.196
13.800 13.799 12.575 12.600 1.424 1.470 0.969 0.979 5.728 5.701
4 1.469 1 465 5 943 5 993 47.4-94
13.830 13.801 12.604 12.600 1.4-24- 1.458 0.982 1.007 5.679 5.600
5 1.4-60 .1.478 5.930 5.980 47.4-97
13 835 13 822 12 591 12.595 1 435 1. 474- o 977 o g.g? S 684 5 f;~~
Average
13.808 13.818 12.580 12.599 1.4-43 1.469 0.977 0.981 5.801 5.809 47.'333
Icol. 05 -'
Section h,e hr bf bb
t fr t fr wf wb
efr cbr Area
tf£ tb1 cf.£ cb.£ (in~)
I 1 480 1 4RS S ROO ROO 4-7.590
13.844- 13.760 12.610 12.6U7 1.4-24- 1.4-65 0.984- 0.981 5.826 ~.826
2 1.4-60 1.460 5.782 ~.805 47.268
13.890 13.760 12.620 12.635 1.420 1.404 0.977 0.968 5.861 ~.862
3 1.455 1.4-65 5.795 5.803 47.425
13 886 13 785 12 602 12 630 1 4-22 1 460 o 98l. 0.999 5.826 5.828
4 1.4-50 1.459 5.788 b.848 47.151
13.825 13.776 12.596 b-2.636 1.440 1.470 0.969 0.949 5.839 f:>.839
5 1.4-53 1.455 5.805 f:>.855 47.4-47
13.855 13.765 l.2.600 112.625 1.439 1.4-80 0.977 0.987 5.818 b.783
Average
13.860 13.769 12.606 112.627 1. 11.4-4- 1.4-65 0.978 0.977 5.814- p.825 47.362
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lcol. 06
Section h.£ hr bf bb
tfr t fr wf wb
cfr cbr Area
tf.£ tbl cf..€ C b.£ (in:-)
1.458 1.4-2B 5.800 5.798 47.205I
13.760 13.810 12.615 12.574- 1.4-4-8 1.4-58 1.004- 0.967 5.811 5.809
2 1.465 1.425 5.B04- 5.7SJ7 47.209
13.792 13.B35 12.610 G.2.599 1.448 1.460 0.966 0.989 5.B40 5.813
3 1.4-70 1.4-25 5.'/93 5.805 47.287
13.80B 13.816 12.614- b..2.610 1.456 1.4-5~ 0.971 0.988 5.850 5.817
4 1.465 1.4-24 5.787 5.793 4-7.191
13.810 13.84-0 12.607 b..2.605 1.4-50 1.4-55 0.968 0.985 5.852 5.827
5 1.454- 1 424- 5 '180 S 797 47.189
13.800 13.815 12.608 tL2.620 1.448 1.460 0.983 0.9'77 5.845 5.846
Average 13.794 13.823 12.611 tL2.602 1.456 1.4-41 O.97l::l 0.9tn 5.816 5.810 47.362
feal. 07
Section h,e hr bf bb
tfr t fr wf wb
cfr cbr Area
tfl tbl cf.£ C b.£ (i n~)
I 1 U7l:; 1 lJ.,)h; l:; 7Rn J:; 7RR 47.662
13.766 13.8:31 12.590 12.600 1.453 1.4-74- 0.986 1.029 5.824- 5.833
2 1.465 1.420 5.794- 5 782 47.206
13.782 13.845 12.600 12.605 1.4-49 1.470 0.970 0.979 0.836 5.844-
3 1.462 1.420 5.805 5.7'79 47.197
1::t 787 13 83? 1? Fin? I? Fin::! 1 44R 1 UFit:; h qF;.t:; n qqR r; R::!? r:; R')h
4 1.464- 1.422 5.'/92 5.781 47.194-
13.800 13.l::l4-0 12.586 12.615 1.445 1.4-72 b.962 0.986 5.l::l32 5.84-8
1.465 1.415 5.794 5.794 47.0895
13.790. 13.841 12.580 12.016 1.448 1.470 tJ.956 0.980 5.830 5.842
Average 13.785 13.838 12.591 12.608 1.457 1.487 tJ.968 0.994 5.812 5. '812 4-7.754
Table 3 DIMENSIONS OF TEST SPECIMENS
w
U1
~
tv
Col Area, A, Depth of Flange \veb
No. in. 2 Section, d width,b Thickness,t Thickness, w
01 Jl.1easured 47.45 13.806 12.600 1.450 0.996
% Variation +0.1 -0~5 +0.7 -1.6 +10.1
02 Measured 47.42 13.810 12.625 1.448 0.994
% Variation +0.1 -0.5 +0.9 -2.6 +9.8
03 Measured 46.90 13 .. 820 12.606 1.457 0~932
% Variation -1.0 -0.4 +0.7 -2.0 +3.0
04 Measured 47.33 13.813 12.589 1.456 0.979
% Variation -0.1 -0.5 +0 .. 6 -2 0 +8 2
Measured 47.36 13 .. 815 12 .. 617 1 .. 455 0 .. 97705
% Variation 0 -0 .. 5 +0 .. 8 -2.1 +8.0
06 Measured 47.36 13.809 12.607 1.449 0.979
% Variation 0 -0 .. 5 +0 .. 7 -2.5 +8.2
07 Measured 47.75 13 .. 811 12.600 1.472 0.981
% variation -0.8 -0.5 +0.7 -0.9 +8.4
Hanpbook Values 47.38 13.88 12.515 1.486 0.905
I
-.....J
N
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ILOADINGI
-73
Method Typical Loading Testing Accuracy of RemarksColumn Curve Time Static Curve
Pr 0.5 to 1.0% (for - Time ConsumingOld hydraulic testing - Dynamic CurveStatic 4-6 hI'S. machine) not availableL.U. except Pud '
6-
P
r
I 'Horizontal" approach - Time Consuming
0.25-0.50% - Dynamic curve not
Alternative Static 4-6 hrs. available except
Old L.U. "Vertical" approach Pud '0.5 - 1.0%
- Slightly more
~ accurate StaticCurve.
ECCSA
Pr Dynamic 15-20 min. Static Curve Static Curve notnot available.available.
~
New
P~
Semi- 30-40 min. 0.5 - 1.0% Only the ultimate
L.U. Dynamic Static Point
available.
~
IALIGNMENTI
Method
Old L.U.
ECCSA
New L.U.
Aligning Time
4-5 hI'S.
30 min.
80 min.
Remarks
5% max. deviation
from uniform stress
at three levels.
Center of Web.
Center of Flanges.
Table 5 SUMMARY OF TEST RESULTS
w
U1
f--I
l'0
Max. Initial Eccentri Rate of Ultimate Pu1t Mid-height
Co14 No. Method of city (inch) Loading Load, P p.':.', X 100 at Pult RemarksTesting (ksi/min) (kips)u y (inch)Weak Axis ~trong Axis
1.42 1154 84.6 Co14 buckled01 Old L.U. 0425 0.08 0.52 opposite to initial
static 1084 79.5 curve.
05 E,C"C4S4A. 0.13 0.035 1442 1170 85.8 0 .. 5:2
A1ternativt
1 4? 940 68 904 L4U. 0.36 0.08 1.65
static 902 66.1
A1ternativl 2.50·" 1000 7344 :',Four different02 0.19 0 .. 075 1.2 rates were tried
14U4 O.2~~5g·~~i/~i~2,static 950 69.6
Alternativt 0.5 990 72.6 1.1606 1.U4 0418 0.04
static 952 69.8 1.04
Alternativ
0.06 1.42 946 69 4 1.34 Load maintained07 L4U4 0.35
static 900 66.0
Alternativi 1.42 968 71.0 1.54 Deflection
03 L4U. 0.35 0.11 maintained
static 916 67.2 1.85
,
"~
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f-J
f\..)
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v/
Free Warping End
Cylinder
(b) nrn (c) (d )
Column Column~ I I:! I I II! I Hemisphere
Oil
tzf5 E±:5
Conical Knife
Edge Edge
(e) I iii I
(fJ nln (g) (h)LI
Cylinder
:1
......:I
U1
Fig. 1 Basic Types of End Fixtures
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Scale: 11= IOU
III
III
II
II
II
IIIII
Wedges
(Side Plates not Shown)
Machine Base
Adjusting Assembly
Bearing Block
Column Specimen
( Welded to Base Rate)
Main Cylindrical Bearing
Cylindrical Bearings
o ~ II Column Base Plate3 11 Fixture PlatenI I I I ! IISidePlates
I
--....]
0"'1
Fig. 2 Standard Column End Fixture at Fritz
Engineering Laboratory
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Fig. 3 The Test Specimen at the Cooling Bed
~~ 8_H_o_t_.. _sO_w_e_d_P_i_eC_e_S_@_1_5_' ........ .-.j1
f... Column Length = 131 -4" _I
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( l/r =50)
-15 1r-I---------------~.. I
24 11
-I
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. -I
4 1- all
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Two Stub Columns Stress
,-- "I- -I"
'Fig. 4 Schematic Layout of Test Specimen
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Fig. 5 Location of Coupons with Respect to the
Cross Section
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Fig. 6
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Stress-Strain Curves from Tension Coupon Tests
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12VFI61
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.. Fig. 7 Residual Stresses in 12WF161
a) Instrumentation b) End of Test
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Fig. 8 Test Set-Up of Stub Column
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Fig. 9 The Dial Gage and Electrical "Clip Gage Over
10 inch Gage Length of Stub Column
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Typical Load-Relaxation Diagram
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Fig. 11 Stub Column Test Result Using IIHorizontal"
and "Vertical" Approaches
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Fig. 12 Stub Column Test Result Using the Dynamic
Curve and One Static Point
351.2 -85
Fig. 13 The X-Y Plotter
Fig. 14
--I
Required Measurements of Cross-Sectional
Dimensions
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w=b-(h+h )I 2
Depth Gage Micrometer
Reference Bar
~veling Bar
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Fig. 15 Determination of Web-Thickness Using the
Depth Micrometer
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Fig. 16 Instrumentation for Initial Out-o'f-
Straightness Measurements
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WEAK AXIS, INITIAL OUT-OF-STRAIGHTNESS
Read and ReCd~>~N.T~
Date: V2/9/6~,
~~--~-------
AverageFront-2
Proj. No: 351
Shape: 12VFI61
ICol. No: all
Front- I
BU-)r (+)R
FBack -I Back- 2
41~
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Fig. 17(a) M~a5urement of Initial Out-af-Straightness
(Weak Axis) ,
Front Back
Right I:2.95 I 3.65 I
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Fig. 17(b) Measurement of Initial Out-af-Straightness
(Weak Axis), Continued
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Fig. 17 (c) Measurement af Initial Out-af-Straightness
(Weak Axis), Continued
I
\..0
o
w
U1
f-J
l\J
0.24
0-15
0.32
0.35
0.28
0.24
0.11
Icol. 071
I 3.93 I 2.98 I
3.17 2.38
I 3.92 I 3.00 I
3.18 2.44
I 3.92 I 3.08 i
3.18 2.41+
I 3.98 I 3.20 i
3.21+ 2.50
I 4.12 I 3.30 i
3.38 2.65
I 428 I 3 44 I3.56 2.86
I 4.74 I ~·94 I4.00 3.30
I 4.54 I 3.54 I
3.78 3.08
Front Back
Right I 4.00 I 3.00 I
Left 3.24 2.37
0.16
0.12
0.05
0.18
0.19
0.12
0.14
leal. 061
I 2.96
I 2.26 I ~.64 I
3.96 3.24
I 2.30 I 4.42 I
I 2.29 I 4.76 I4.00 3.34
I 2.30 I 4.80 I
4.02 3.44
I 2.26 I ~.58 I
3.94 3.12
I 2.36 I 4.26 I
4.05 2.76
I 2.48 I :.10 I
4.14 :2.58
I 2.62 I 3.92 I
4.26 2.36
Front Back
Ri htg I 'I 75 I 3 78 ILeft 4.40 2.20
Fig. 17(d) Measurement af Initial Out-af-Straightness
(Weak Axis) Continued
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STRONG AXIS, INITIAL QUT-OF-STRAIGHTNESS
Read and Reed: RM. ¢ N.T
Date: 2/9/69
0.07
0.035
0.03
Average
0.08
0.07
Proj. No: 351
Shape: 12W-SI
ICol. No: all
L
R(+)- ~--(-)B
Back Front
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Fig. l8(a) Measurement of Initial Out-af-Straightness
(Strong Axis)
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Fig. 18(b) Measurement of Initial Out-of-Straightness
(Strong Axis), Continued
w
U1
r-a
tv
Back Front ICOI. Ubi Back Front ICol. 061 Back Front
I 2.60 I 5.96_ I 0 I 3.45 I 2.'/0 I I 2.80 I 3.18 I
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I 3.04 I 3.43 I 0.06Uj4 15-.60 I ~ 0.035 I 3.48 1 2.73 I 0.01I 2.14 I 5.50 I 0.025 I 3.52 I 2.'16 I 0.04 I 3.15 I 3.54 I 0 0.06~4-I~o I ~ 0.02 I 3.49 I 2.76 I 3.66 I 0.05I 0.02 I 3.261.94 I 5.30 IJ 0.01 I 3.50 I 2.'16 I 0.015 I 3.:38 I 3.78 I
IT
0.04
~--I~o I
t
I 3.88 I 0.03I 3.50 'I 2.77 I 0.015 I 3.50
1.72 I 5.09 II [ 3.50 I 2. '/6 I I 3~-~--r-~. 00 -1
Fig. l8(e) Measurement af Initial Out-af-Straightness
(Strong Axis), Continued
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Fig. 19
SLENDERNESS FUNCTION, A=( ~)( ~) ...fii1E
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Fig. 21 The Dynamometer in the 5,000,000 lb.
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Fig. 26 The Electrical Rotation Gage
351.2
Position I
I.
b.a
d
1
-I
-102
Angle of Twist, ep ~
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